Abstract
INTRODUCTION
Individuals with spinal cord injury (SCI) are at heightened risk for developing obesity because of loss in lean mass, reduced basal metabolic rate (BMR) and decreased level of physical activity [1] [2] [3] . Prevalence of obesity is primarily attributed to disruption in energy balance following SCI. Disruption in energy balance is a function of decreased BMR and often leads to increased accumulation of total, regional fat and visceral adipose tissue (VAT) [4] [5] [6] . Reduction in leisure time physical activity, reliance primarily on wheelchairs for mobility, and poor dietary habits are major factors that contribute to the prevalence of obesity after SCI [7] . Therefore, providing an effective exercise regimen or dietary management plan may protect against disruptions in energy homeostasis. Moreover, it may reduce the heightened risk for developing secondary complications similar to glucose intolerance, insulin resistance, hyperlipidemia, and cardiovascular disease after SCI [2] [3] [4] [5] 7] . Persons with SCI often consume a high-fat diet of 35%-40% fat, well above the recommended level of 30% which is typical of the standard American diet [7] [8] [9] . Poor dietary habits were attributed to a lack of knowledge surrounding nutrition, solitary living, smoking, and socioeconomic status following SCI [9] . Moreover, studies involving human and animal models revealed associations between high fat consumption and increased VAT, serum leptin levels, pro-inflammatory cytokines, and insulin resistance [3, 10] . To circumvent the aforementioned profile, implementation of a Mediterranean-style diet resulted in a 7% reduction in total body weight in three males with SCI [10] . These results are promising, however, a full account of the changes in total or regional lean and fat masses were not provided. Regional changes in body composition have been considered a major determinant of cardiometabolic profile in persons with SCI [2, 3] . Furthermore, it is well established that loss in body weight has been accompanied with a reduction in lean mass in elderly individuals [11] ; therefore, accounting for the changes in lean mass is highly important with dietary manipulation in men with SCI. Maintenance of lean mass may protect against further reduction in BMR and further increase in the prevalence of obesity after SCI.
Different rehabilitation approaches have been recommended for maintenance of lean mass including exercise, electrical stimulation and testosterone replacement therapy (TRT). Transdermal TRT has been administered in hypogonadal persons with SCI with testosterone level less than 325 ng/dL. A previous work showed that 43.3% of men with SCI had serum testosterone levels < 325 ng/dL [12] . Reduced circulating testosterone level may be a contributing factor to the loss in lean mass after SCI [13, 14] . Furthermore, circulating serum testosterone is negatively linked with total and regional body fatness, VAT and positively linked to lean mass and thigh muscle crosssectional area (CSA) [14] . A 1-year small scale clinical trial demonstrated the efficacy of TRT in restoring total and regional lean mass as well as increasing BMR in hypogonadal men with SCI [15] . A recent randomized clinical trial showed that 16 wk of TRT accompanied with surface neuromuscular electrical stimulation-resistance training (TRT+RT) resulted in 43% increase in muscle CSA, 2.7 kg increase in total body lean mass and a trend of 14%-17% increase in basal metabolic rate compare to TRT only in men with SCI [16] . Therefore, dietary manipulation with TRT may serve as a potential rehabilitation approach to reduce body fatness, maintain lean mass and BMR in persons with SCI. We, retrospectively, tracked the dietary habits of individual and eight additional participants for the purpose of comparing caloric and macronutrient intakes during participating in a 16 wk clinical trial. The current case report highlighted the significance of reducing caloric intake and manipulating macronutrients with TRT on the changes in total and regional body composition in a male with SCI.
MATERIALS AND METHODS
The physical characteristics and demographics of one male participant as well as a comparative cohort of eight men are presented in Table 1 . Each participant received a daily testosterone dose (2-6 mg/d) via transdermal patch (Androderm; Watson Laboratories, Inc, Corona, Canada) placed on the shoulders and alternated daily for 16 wk [16] . The initial TRT dose was determined based on the circulating level of serum testosterone and then adjusted according to participant's response in a blinded fashion. A 4 mg/d of TRT was administered on a daily basis for our participant. Data from one participant of the original cohort (n = 8) was excluded due to frequent missing data points and non-compliance with dietary records. Each participant signed an informed consent prior to enrollment in the clinical trial and all study procedures were approved by the local ethics committee.
Prior to enrollment in the 16 wk clinical trial, each participant completed 4 wk, a pre-trial-phase, as a control period to stabilize body weight and to record their standard dietary habits. At the beginning of this phase, body composition assessment was completed using dual energy x-ray absorptiometry (DXA) and participants did not receive any feedback to adjust or manipulate their dietary habits [16] . At the beginning of the 16 wk intervention, a registered dietitian encouraged compliance to a standard daily diet plan (45% carbohydrate, 30% fat, and 25% protein). Caloric allowances were estimated based on each participant's BMR [7] . Each participant completed weekly 5 d dietary recalls and monthly feedback from the dietician was provided, via phone interview or emails [7] . Dietary records were evaluated using Nutrition Data System for Research (NDSR; 2016 Regents of the University of Minnesota). The following dietary variables were quantified: Total caloric intake (kcal), percentage calories from carbohydrates, percentage calories from fats, percentage calories from proteins, and total soluble fiber. Retrospective analysis revealed that the dietary habits of the case report began to change at the end of week 8. Therefore, dietary data were split into phase I (weeks 1-8) and phase II (weeks 9-16). Splitting the data allowed for the comparison in caloric intake and percentage macronutrients between phase I when the participant closely followed the recommended dietary habits and phase II, when the case report deviated from the recommended caloric intake and macronutrients. The differences in percentages carbohydrate, fat, and protein intakes were calculated between phases I and II. Data from the case report was also compared to the average consumption of the cohort to demonstrate the deviation in the dietary habits in phase II of the study.
T1-weighted MRIs were obtained from a total body General Electric Signa 1.5-T MRI located within the McGuire VAMC Radiology Department at baseline and postintervention. 12 to 15 trans-axial images (slice thickness, 0.8 cm; interslice space, 1.6 cm) were captured from hip to knee joints of the right thigh to quantify muscle and fat CSAs [17] . Four regions of interest were manually isolated using X-Vessel (Version 2.011; Michigan State University, Lansing, United States) including thigh subcutaneous adipose tissue (SAT) CSA, whole muscle CSA, absolute muscle CSA, and absolute intramuscular fat (IMF) CSA (Figure 1 ), as well as trunk VAT and SAT. Whole muscle CSA refers to the total muscle area of the thigh including IMF and excluding tissues of the femoral bone. Absolute muscle CSA refers to thigh muscle after accounting for IMF. IMF refers to the fat infiltrated within and between muscle fibers and is presented as an absolute value and percentage relative to the whole thigh muscle CSA [17] . To calculate CSA, the sum of pixels within a region of interest was multiplied by (FOV/matrix size) [2] . For trunk VAT and SAT, participant was positioned in a lying position on the scanning table, transverse axial images (axial in-phase/out-phase with a repetition time of 140 ms and echo time of 4.2 and 2 ms for the in-phase and the out-phase, respectively; a 42 cm field of view; matrix size of 256 × 256; 1 number of excitation; acquisition time of 40 s and slice thickness was 0.8 cm and interslice space was 0.4 cm) were obtained from the xiphoid process to L4-L5 and from L4-L5 to the femoral heads [3, 14, 16] . DXA scans were performed using a Lunar DXA (GE Healthcare, Chicago, IL) bone densitometer at the Richmond Virginia Medical Center at pre-trial phase, BL and PI. The clinical DXA procedures and estimates of precision were previously published [18] . Total body DXA scans were captured to assess total body weight, lean mass, and fat mass. Scans were performed for 5-10 min and analyzed by a DXA trained researcher using Lunar enCORE software Version 10 (GE Healthcare, Chicago, IL).
After an overnight fast of 10-12 h, participants were kept in a dark room for 20-30 min to attain a resting state during which BMR was measured using a canopy that was attached to a vacuum to draw expired gases to the flowmeter of the metabolic unit (COSMED KB42, manufacturer) as previously described [7, 19] .
RESULTS
The current case report is a retrospective analysis to a participant that was enrolled in our concluded clinical trial in the TRT only group [16] . For the entire 16 wk, the participant was administered 4 mg/d of TRT. His baseline testosterone level was 440 ng/dL, and increased in weeks 4, 8 and 12 to 625 ng/dL, 753 ng/dL and 613 ng/dL, respectively. At post-intervention measurement, testosterone level without using the patches dropped to 124 ng/dL.
The trends for total caloric intake, percentages carbohydrate, fat, protein, and soluble fiber intake are presented in Figure 2 and Figure 3 . Table 2 presents data for each dietary variable and percentages difference between the participant and the study cohort. The case report reduced total caloric intake by 25% (445 kcal/d) and consumed 12% fewer calories than his cohort during phase II (Table 2, Figure 2) .
The participant and cohort both consumed 41% of their calories as carbohydrates ( Table 2 ). The percentage carbohydrates consumed by the case report or the cohort did not change over the course of 16 wk. The case report reduced his fat intake by 7% over the course of intervention, with almost no change in fat intake (< 1%) observed by the cohort (Table 2, Figure 3 ). During phase I, the participant consumed roughly the same proportion of calories from fat as his cohort (case: 37%; cohort: 36%); however, during phase II, the participant consumed 6% less calories from fat. For the case report, percentage calories from protein increased by 7.6% in phase II compared to phase I of the trial (Table 2, Figure 3 ). Compared to the study cohort, the case report consumed 8% more calories from protein during phase II of the trial.
Finally, soluble fiber intake remained relatively consistent in both case report and the study cohort; however, the case report consumed more than twice the amount of soluble fiber throughout the 16 wk trial ( Table 2) . During the first and second phases of the trial, the participant consumed roughly 60% and 70% more soluble fiber than the study cohort, respectively. Moreover, the case report increased his soluble fiber intake by 2% during phase II, while the cohort consumed 7% less soluble fiber compared to the initial phase of the trial.
Body composition assessments for the case report acquired at baseline and postintervention are presented in Table 3 . The participant reduced his total body weight by 6.4 kg (8%). Additionally, he lost 8.8 kg (29%) of body fat and gained 3.1 kg (7%) of lean mass. Moreover, the participant's thigh SAT and absolute IMF CSAs decreased by 31 and 39%, respectively. Conversely, the participant's whole muscle and absolute muscle CSAs increased by 4% and 9%, respectively. 
DISCUSSION
The current case report was analyzed in a retrospective fashion. The findings demonstrated that lowering caloric intake and percentage macronutrients of fat and protein may have contributed to positive changes in total and regional body composition in a male with chronic SCI. The addition of TRT may primarily helped to maintain lean mass and BMR; which is commonly impacted negatively during a weight loss regimen. The participant lost 8% (6.4 kg) of his total body weight, which is consistent with a previous report that noted a total body weight loss of 7% following Mediterranean-style diet in three men with SCI [10] . Whole body lean mass increased by 7% over 16 wk. Participant's absolute thigh muscle CSA increased by 9% as accompanied with l2% and 22% decrease in trunk VAT and SAT, respectively. Clinically, these changes are highly significant because of the recognized associations between lean mass, BMR, and several cardio-metabolic disorders after SCI [2] [3] [4] [5] . The current case report also suggests that high protein intake with TRT may have played a role in preservation of lean mass, especially with reduction in caloric intake.
A reduction in total caloric intake by 440 kcal/d may explain some of the observed changes in body composition. Despite the 25% reduction in caloric intake, we could not refer to it as a caloric restriction study because the intervention was only limited to 8 wk period. Caloric restriction studies reported period close to 6 mo up to a year [32] . Based on the current findings, it is possible to speculate that combining exercise with a similar dietary manipulation may be an effective strategy to reduce cardio-metabolic risk factors after SCI. We have previously shown that neuromuscular electrical stimulation (NMES)-resistance training for 12-16 wk accompanied with a standard dietary program (45% carbohydrate, 30% fat and 25% protein) was an effective strategy in reducing VAT in persons with SCI [16, 20] . Although the case report did not receive resistance training [16] , daily administration of TRT may have contributed to preservation of lean mass and loss of both VAT and SAT. This is really important because a recent report demonstrated the negative association between serum testosterone level and VAT. Persons with lower testosterone level have 72% greater VAT than those with normal testosterone level [14] . BMR accounted for 65% of the total energy expenditure and may play a major role in maintaining optimal energy balance [21] . During the first 8 wk, the participant consumed an average of 1802 kcal/d, which exceeded his measured BMR (1388.4 kcal/d). During phase II, the average caloric intake was 1357.2 kcal/d or 440 kcal lower than what has been consumed in the first 8 wk. Despite the reduction in caloric intake following Phase II, BMR remained unchanged at the end of the 16 wk. Administering TRT may have had a protective effect in maintenance of BMR by preserving lean mass, because reduction in BMR could potentially lead to further gain in body weight. A previous trial using weekly dietary recalls suggested that persons with SCI consumed a high fat diet (32%-50% fat) [7] . The case report reduced his caloric fat intake by 6.5% between phases I and II and maintained a recommended daily allowances (RDA) of 30%. However, it remains unclear whether the improvements in body composition are primarily driven by overall caloric reduction or decreasing percentage fat intake. Additionally, percentage carbohydrate was maintained in the range between 39.9%-41.6% across the 16 wk for both the case report and cohort. The average carbohydrate consumption for the case report and the study cohort was consistently less than the recommended RDA of 45%, likely due to higher fat consumption by the study cohort throughout the 16 wk and the case report in Phase I.
Increased protein intake during phase II may have contributed to the observed gains in lean mass and decreased total-body and regional adiposity. Dietary analysis revealed that the participant increased his protein intake by 8% compared to phase I. He also consumed 8% more calories from protein than the study cohort during phase II of the trial. Increased protein consumption likely contributed to a positive nitrogen balance, creating an ideal environment for protein synthesis, especially when accompanied by TRT [9, 22] . The Food and Nutrition Board of the National Academy of Sciences recommends a modest 0.8 g of protein per kg of body weight or roughly 10%-30% of daily caloric intake [23] . The current SCI guidelines recommend that persons with SCI consume 0.8-1.0 g/kg of body weight, with additional protein added in the presence of pressure ulceration [23] . We have previously shown that persons with SCI consumed close to 1.1 g/kg body weigh during 12 wk of resistance training [20] . Because the case report and the study cohort received a similar dose of TRT, it is fair to speculate that the combining effects of higher protein intake and TRT may result in increase in whole body lean mass and thigh muscle CSA in the case report. However, a recent study noted that high protein intake for 8 wk did not result in increase in muscle size after SCI [24] . The authors recommended that loading the muscle using surface NMES with resistance training is considered a favorable rehabilitation approach to ameliorate muscle atrophy after SCI [24] . Moreover, because protein requires substantial energy (20 of BMR) to catabolize after ingestion, protein may have shifted substrate utilization from reliance on carbohydrates to fats as source of energy [25] . This shift may have contributed to the reductions observed in SAT, IMF, and total body fat. However, as noted earlier, percentage carbohydrates di were not different between phase I and phase II of the trail; suggesting that the case report consumed enough carbohydrates and utilized both carbohydrates and fats as source for energy.
The 2015-2020 Dietary Guidelines for Americans recommends 6-8 g of soluble fiber daily [26] .Throughout the 16 wk trial, the participant consumed 7 g of soluble fiber per day. Consistently, the case report consumed an average of 3.8 and 4.1 more grams of soluble fiber than the cohort during phase I and II, respectively. Because fiber intake showed no changes over 16 wk, this may have played an indirect role in the changes observed in body weight and body composition. Fiber intake was shown to be associated with weight loss due to increased appetite control and slower digestion in abled-bodied individuals [27, 28] . Additionally, a meta-analysis concluded that the risk of type II diabetes decreased by 6% per 2 g per day increment in fiber intake for men and women.
The current case report is purely a retrospective observational study, because we did not intentionally plan to manipulate participant's dietary habits compared to the study cohort. We have also shown a snap-shot of body composition before and after intervention; body composition should have been measured at the end of phase I and before starting phase II. Direct comparisons in body composition parameters were also not performed between the case report and the study cohort. It is difficult based on the current observation to indicate that the changes in body composition are solely due to manipulation in dietary habits; Therefore, causality cannot be directly determined; the assertions made are purely speculative and further studies are warranted. We also did not measure levels of physical activity among our study cohort. During the course of the trial, increasing level of physical activity may have contributed to significant changes in body composition. However, we studied persons with motor complete SCI who are the lowest on the spectrum of physical activity. Despite the fact that clear instruction was given of not to engage in any routine exercise program, physical activity logs should have been collected to monitor free living activity during the course of the trial.
In conclusion, dietary manipulation of caloric intake and macronutrients (percentage fat and percentage protein) resulted in remarkable changes in body composition in a person with motor complete SCI. Reduction in caloric intake and TRT may positively serve to decrease both fat mass and VAT in the case report. The 8 wk dietary manipulation program was associated with remarkable weigh loss without losing the metabolically active lean tissue. Supplementation of TRT combined with high protein intake may have served as a protective factor to preserve both lean mass and BMR in the participant with SCI. Considering the retrospective nature of the case report, there are number of confounding factors that may have contributed to the findings and further interventional studies are warranted to confirm the current observation. 
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Research background
Reduced level of physical activity, high-fat diet and skeletal muscle atrophy are key factors that are likely to contribute to deleterious changes in body composition and metabolic following spinal cord injury (SCI). Reduced caloric intake with lowering percentage macronutrients of fat and increasing protein intake may likely to improve body composition parameters and decrease ectopic adiposity after SCI.
Research motivation
Currently, there is no standard of care of established evidence on how to improve body composition parameters and to reduce ectopic adiposity after SCI.
Research objectives
To highlight the necessary dietary adjustments as far as caloric and macronutrient intakes responsible for improving body composition and metabolic profile following participation in a 16 wk clinical trial of administering low-dose testosterone replacement therapy in a male with SCI.
Research methods
We, retrospectively, tracked the dietary habits and body composition parameters in a 31-year-old male with motor-complete T5 SCI after administering low-dose testosterone replacement therapy (TRT) for 16 wk. Detailed body composition was evaluated via dual energy x-ray absorptiometry and magnetic resonance imaging. Participant was asked to turn in weekly 5 d dietary recalls to measure total energy intake, percentage carbohydrate, percentage fat, percentage protein, and total soluble fiber intake.
Research results
Lowering caloric intake by 25% and fat intake by 6.5% resulted in decreased body weight, total and regional body fat mass and ectopic adiposity. Both lean mass and BMR remained physiologically unchanged following the 16 wk intervention.
Research conclusions
The current case report highlighted the significance of reducing caloric intake and manipulating macronutrients with TRT on the changes in total and regional body composition in a male with SCI.
Research perspectives
The current case report may serve as supporting evidence for future clinical trial that may target manipulation of dietary intake with and without ergogenic aids similar to exercise and TRT to improve cardio-metabolic profile in persons with SCI.
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